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(57) Abstract: A process for the treatment of a starch-based feedstock is provided. The process comprises mixing together the 
starch-based feedstock and a working fluid lo form a slurry, and hydrating ihe starch-based feedstock with the working Huid. A 
liquefaction enzyme is added to the slurry, and the slurry is then pumped into a passage (22) of a starch activation device ( 1 00). In 
the starch activation device ( 1 00) a high velocity transport fluid is injected into the slurry through a nozzle (38) communicating with 
the passage (22), thereby further hydrating the starch-based feedstock and activating the starch content of the slurry. An apparatus ( I 
) is also provided for applying the process to the starch-based feedstock. The pmeess and apparatus presented significantly reduce 
liquefaction time and the amount of liquefaction enzyme needed, as well as reducing the time of subsequent fermentation processes. 
Liquefaction yield from the process and apparatus is improved. 
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LIQUEFACTION OF STARCH-BASED BIOMASS 

The present invention is a biomass treatment process suitable for use in 
biofuel production. More specifically, the present invention relates to an 
5 improved process and apparatus for converting starch-based biomass into 
sugars for subsequent fermentation. 

The process of converting starch-based biomass into sugars is known in 
biofuel production as liquefaction. This liquefaction process involves 
10 extracting starch from starch-based feedstock and then converting the 
extracted starch into short chain polysaccharides for subsequent 
saccharification, fermentation and distillation into alcohol such as ethanol, 
for example. 

15 Liquefaction processes typically involve an initial hydration step of mixing 
ground starch-based feedstock with water to form a slurry. The water may 
be pre-heated prior to being mixed with the feedstock. The slurry may 
additionally be heated in a vessel in order to activate the starch, and is 
then heated again and mixed with a liquefaction enzyme in order to 

20 convert the starch to short chain sugars. The activation stage typically 
uses steam-jacketed tanks or steam sparge heating to heat the slurry to 
the desired temperature. At the same time agitation mixers, slurry 
recirculation loops, or a combination of the two mix the slurry. However, 
despite the presence of the recirculation pumps these heating methods 

25 can result in regions being created in the slurry tank or vessel whose 

temperature is much greater than the remainder of the tank. In such "slow 
release" processes, starch hydrated early in the process can be damaged 
if it comes into contact with these high temperature regions, resulting in a 
lower yield. These arrangements also do not provide particularly efficient 

30 mixing, as evidenced by the heat damage problem discussed above. 
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These conventional processes normally use separate vessels for the 
activation and conversion stages of the process. Transfer of the slurry 
from the activation vessel to the conversion stage vessel is normally 
5 accomplished using centrifugal pumps, which impart a high shear force on 
the slurry and cause further damage to the hydrated starch as a result. 



The conversion stage may also use steam- or water-jacketed tanks, or 
tanks heated by sparge heaters, to raise the temperature of the slurry to 

10 the appropriate level for the optimum performance of the enzyme . 

Alternatively, jet cookers are employed to heat the incoming slurry into the 
conversion stage vessel.. Not only can the slurry suffer the same heat 
damage as in the activation stage, but the high temperature regions also 
contribute to limiting the glucose yield from the process. The excessive 

15 heat of these regions promotes Maillard reactions, where the sugar 

molecules are destroyed due to interaction with proteins also present in 
the slurry. The combination of these Maillard losses with the shear losses 
from the transfer pumps limits the glucose yield available. Additionally, 
existing liquefaction processes require a long residence time for the slurry 

20 in the conversion stage to ensure that as much starch is converted to 
sugars as possible. This leads to a longer production process with 
increased costs 



It is an aim of the present invention to mitigate or obviate one or more of 
25 these disadvantages. 



According to a first aspect of the present invention, there is provided a 
process for the treatment of a starch-based feedstock, comprising: 

mixing together starch-based feedstock and working fluid to form a 

30 slurry; 
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hydrating the starch-based feedstock with the working fluid; 

adding a liquefaction enzyme to the slurry and pumping the slurry 
into a passage of a starch activation device; and 

further hydrating the starch-based feedstock and activating the 
5 starch content of the slurry by injecting a high velocity transport fluid into 
the slurry through a nozzle communicating with the passage. 

The injection of the transport fluid into the slurry may: 
apply a shear force to the slurry; 
10 atomise the liquid phase within the slurry to create a dispersed 

droplet flow regime; 

form a low pressure region downstream of the nozzle; and 
generate a condensation shock wave within the passage 

downstream of the nozzle by condensation of the transport fluid. 

15 

The first hydrating step may include heating the slurry within a first vessel 
and/or maintaining it at a first predetermined temperature for a first 
predetermined period of time. 

20 The process may further comprise the step of transferring the slurry to a 
second vessel from the starch activation device, and maintaining the 
temperature of the slurry in the second vessel for a second predetermined 
period of time. 

25 The step of transferring the slurry to the second vessel may include 

passing the slurry through a temperature conditioning unit to raise the 
temperature of the slurry. 
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The step of heating the slurry in the first and second vessels may also 
include the step of agitating the slurry for the respective first and second 
periods of time. 

5 The activation step may include recirculating the slurry through the starch 
activation device. 

The transport fluid may be steam. The transport fluid may be injected at a 
supersonic velocity. The working fluid may be water. 

10 

The step of injecting the transport fluid may comprise injecting the high 
velocity transport fluid into the slurry through a plurality of nozzles 
communicating with the passage. The step of injecting the transport fluid 
into the slurry may occur on a single pass of the slurry through the starch 
15 activation device. 

The pumping of the slurry may be carried out using a low shear pump. 

According to a second aspect of the present invention there is provided an 
20 apparatus for treating a starch-based feedstock, the apparatus comprising: 

hydrating means for mixing and hydrating the feedstock with a 
working fluid to form a slurry; and 

a starch activation device in fluid communication with the first 
hydrating means; 
25 wherein the starch activation device comprises: 

a passage having an inlet in fluid communication with the first 
hydrating means and an outlet; and 

a transport fluid nozzle communicating with the passage and 
adapted to inject high velocity transport fluid into the passage. 

30 
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The hydrating means may comprise a first vessel having an outlet in fluid 
communication with the inlet of the passage. The hydrating means may 
comprise a heating means for heating the working fluid and/or the slurry. 

5 The apparatus may further comprise a second vessel having an inlet in 
fluid communication with the outlet of the passage. The second vessel 
may include insulating means for insulating the contents of the second 
vessel. 

10 Alternatively, the apparatus may further comprise a residence tube section 
having an inlet in fluid communication with the outlet of the passage. The 
residence tube may include insulating means for insulating the contents of 
the residence tube as it passes through. 

15 The transport fluid nozzle may be annular and circumscribe the passage. 
The transport fluid nozzle may have an inlet, an outlet and a throat portion 
intermediate the inlet and the outlet, wherein the throat portion has a cross 
sectional area which is less than that of the inlet and the outlet. The 
passage may be of substantially constant diameter. 

20 

The apparatus may further comprise a transport fluid supply adapted to 
supply transport fluid to the transport fluid nozzle. 

The apparatus may comprise a plurality of starch activation devices in 
25 series and/or parallel with one another, wherein the transport fluid supply 
is adapted to supply transport fluid to the transport fluid nozzle of each 
device. The apparatus may comprise a plurality of transport fluid supply 
lines connecting the transport fluid supply with each nozzle, wherein each 
transport fluid supply line includes a transport fluid conditioning means. 
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The transport fluid conditioning means may be adapted to vary the supply 
pressure of the transport fluid to each nozzle. 

Alternatively, the apparatus may comprise a dedicated transport fluid 
5 supply for each transport fluid nozzle. Each transport fluid supply may 
include a transport fluid conditioning means. Each conditioning means 
may be adapted to vary the supply pressure of the transport fluid to each 
respective nozzle. 

10 The apparatus may further comprise a temperature conditioning unit 

located between the starch activation device and the second vessel, the 
temperature conditioning unit adapted to increase the temperature of fluid 
passing from the device to the second vessel. 

15 The apparatus may further comprise a recirculation pipe adapted to allow 
fluid recirculation between the outlet of the starch activation device and the 
first vessel. 

The apparatus may further comprise a low shear pump adapted to pump 
20 fluid from the hydrating means to the starch activation device. 

The heating means may comprise a heated water jacket surrounding the 
first vessel. Alternatively, the heating means may be remote from the 
hydrating means. 

25 

The insulating means may comprise a heated water jacket surrounding the 
second vessel. Alternatively, the insulating means may comprise a layer 
of insulating material covering the exterior of the second vessel. 
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The apparatus may further comprise first and second agitation means 
located in the first and second vessels, respectively. The first vessel may 
include a recirculation means for recirculating slurry from the outlet to an 
inlet thereof. 

5 

A preferred embodiment of the present invention will now be described, by 
way of example only, with reference to the accompanying drawings, in 
which: 

Figure 1 is a schematic view of a biofuel processing apparatus; 
10 Figure 2 is a longitudinal section view through a starch activation 

device suitable for use in the apparatus shown in Figure 1 ; and 

Figure 3 shows a graph of the temperature and pressure profile of a 
slurry as it passes through the device shown in Figure 2. 

15 Figure 1 schematically illustrates an apparatus which extracts starch from 
a starch-based feedstock and then converts the extracted starch into 
sugars. The apparatus, generally designated 1, comprises a first vessel 2 
acting as a first hydrating means. The first vessel 2 has a heating means, 
which is preferably a heated water jacket 4 which surrounds the vessel 2 

20 and receives heated water from a heated water supply (not shown). The 
vessel 2 also includes an agitator 6 that is powered by a motor 8. The 
agitator 6 is suspended from the motor 8 so that it lies inside the vessel 2. 
At the base of the vessel 2 are an outlet 10 and a valve means 12 which 
controls fluid flow from the outlet 10. Downstream of the first vessel 2 is a 

25 first supply line 16, the upstream end of which fluidly connects to the outlet 
10 and valve means 12 whilst the downstream end of the supply line 16 
fluidly connects with a reactor 18. A low shear pump 14 may be provided 
in the supply line 16. The pump 14 may be a centrifugal pump which has 
been modified in order to reduce shear as fluid is pumped through it. 

30 
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The reactor 18 is formed from one or more starch activation devices. A 
suitable fluid mover that may act as a starch activation device is shown in 
detail in Figure 2. The fluid mover 100 comprises a housing 20 that 
defines a passage 22. The passage 22 has an inlet 24 and an outlet 26, 
5 and is of substantially constant diameter. The inlet 24 is formed at the 
front end of a protrusion 28 extending into the housing 20 and defining 
exteriorly thereof a plenum 30. The plenum 30 has a transport fluid inlet 
32. The protrusion 28 defines internally thereof part of the passage 22. 
The distal end 34 of the protrusion 28 remote from the inlet 24 is tapered 

10 on its relatively outer surface at 36 and defines a transport fluid nozzle 38 
between it and a correspondingly tapered part 40 of the inner wall of the 
housing 20. The nozzle 38 is in fluid communication with the plenum 30 
and is preferably annular such that it circumscribes the passage 22. The 
nozzle 38 has a nozzle inlet 35, a nozzle outlet 39 and a throat portion 37 

15 intermediate the nozzle inlet 35 and nozzle outlet 39. The nozzle 38 has 
convergent-divergent internal geometry, wherein the throat portion 37 has 
a cross sectional area which is less than the cross sectional area of either 
the nozzle inlet 35 or the nozzle outlet 39. The nozzle outlet 39 opens into 
a mixing chamber 25 defined within the passage 22. 

20 

Referring once again to Figure 1 , the reactor 18 is connected to a 
transport fluid supply 50 via a transport fluid supply line 48. The transport 
fluid inlet 32 of the or each starch activation device 100 making up the 
reactor is fluidly connected with the transport fluid supply line 48 for the 
25 receipt of transport fluid from the transport fluid supply 50. 

Located downstream of the reactor 18 and fluidly connected thereto is a 
temperature conditioning unit (TCU) 52. The TCU 52 preferably 
comprises a fluid mover substantially identical to that illustrated in Figure 
30 2, and will therefore not be described again in detail here. The TCU 52 
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can either be connected to the transport fluid supply 50 or else it may have 
its own dedicated transport fluid supply (not shown). 

Downstream of the TCU 52 is a second supply line 54, which fluidly 
5 connects the outlet of the TCU 52 with a second vessel 56. The second 
vessel 56 is similar to the first vessel 2, and therefore has a heated water 
jacket 58 which surrounds the vessel 56 and receives heated water from a 
heated water supply (not shown). The vessel 56 also includes an agitator 
60 that is powered by a motor 62. The agitator 60 is suspended from the 
10 motor 62 so that it lies inside the vessel 56. At the base of the vessel 56 
are an outlet 64 and a valve means 66 which controls fluid flow from the 
outlet 64. 

A method of processing starch-based feedstock using the apparatus 
15 illustrated in Figures 1 and 2 will now be described in detail. Firstly, a 
ground starch-based feedstock is introduced into the first vessel 2 at a 
controlled mass addition flowrate. Examples of suitable feedstock include 
dry milled maize, wheat or sorghum. Separately, a liquefaction enzyme is 
mixed with a working fluid, preferably water, and that working fluid is then 
20 added to the feedstock in the vessel 2 to form a slurry and to start to 

hydrate the feedstock. An example of a suitable liquefaction enzyme is 
Liquozyme SC DS® manufactured by Novozymes of Bagsvaerd, 
Denmark. The preferred enzyme concentration in the vessel 2 is 0.09- 
0.18 ml/kg. Preferably, the ratio of feedstock to liquid content in the slurry 
25 is 20-40% by weight. Optionally, one or more PH adjusters and/or a 
surfactant can also be added to the slurry at this point. 

Heated water is fed into the water jacket 4 surrounding the vessel 2 and 
the heated water jacket then heats the slurry to a temperature of typically 
30 30-60°C, most preferably 30-40°C, and holds the slurry at this temperature 
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10 

for 30-120 minutes. The motor 8 drives the agitator 6, which stirs the 
slurry in the vessel 2 with gentle (i.e. low shear) agitation whilst the slurry 
is held in the vessel 2. 

5 The slurry is held at the desired temperature in the vessel 2 for a sufficient 
period of time to allow the starch content to be prepared for full hydration. 
When the slurry has been steeped in the vessel 2 for sufficient time, the 
valve 12 is opened to allow the slurry to leave the vessel via the outlet 10. 
The pump 14 pumps the slurry under low shear conditions from the vessel 
10 2 through the first supply line 16 to the reactor 18. 

Referring again to Figure 2, when the slurry reaches the or each starch 
activation device 100 forming the reactor 18, slurry will pass into the 
device 100 through inlet 24 and out of the outlet 26. Transport fluid, which 

15 in this non-limiting example is preferably steam, is fed from the transport 
fluid supply 50 at a preferred pressure of between 5-7 Bar to the, or each, 
transport fluid inlet 32 via transport fluid supply line 48. Introduction of the 
transport fluid through the inlet 32 and plenum 30 causes a jet of steam to 
issue forth through the nozzle 38 at a very high, preferably supersonic, 

20 velocity. As the steam is injected into the slurry, a momentum and mass 
transfer occurs between the two which preferably results in the 
atomisation of the working fluid component of the slurry to form a 
dispersed droplet flow regime. This transfer is enhanced through 
turbulence. The steam preferably applies a shearing force to the slurry 

25 which not only atomises the working fluid component but also disrupts the 
cellular structure of the feedstock suspended in the slurry, such that the 
starch granules present are separated from the feedstock. 

The effects of the process on the temperature and pressure of the slurry 
30 can be seen in the graph of Figure 3, which shows the profile of the 
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temperature and pressure as the slurry passes through various points in 
the fluid mover 100 of Figure 2. The graph has been divided into four 
sections A-D, which correspond to various sections of the fluid mover 100. 
Section A corresponds to the section of the passage 22 between the inlet 
5 24 and the nozzle 38. Section B corresponds to the upstream section of 
the mixing chamber 25 extending between the nozzle 38 and an 
intermediate portion of the chamber 25. Section C corresponds to a 
downstream section of the mixing chamber 25 extending between the 
aforementioned intermediate portion of the chamber 25 and the outlet 26, 
10 while section D illustrates the temperature and pressure of the slurry as it 
passes through the outlet 26. 

The steam is injected into the slurry at the beginning of section B of the 
Figure 3 graph. The speed of the steam, which is preferably injected at a 

15 supersonic velocity, and its expansion upon exiting the nozzle 38 may 
cause an immediate pressure reduction. At a point determined by the 
steam and geometric conditions, and the rate of heat and mass transfer, 
the steam may begin to condense, further reducing the pressure and 
causing an increase in temperature. The steam condensation may 

20 continue and form a condensation shock wave in the downstream section 
of the mixing chamber 25. The forming of a condensation shock wave 
causes a rapid increase in pressure, as can be seen in section C of Figure 
3. Section C also shows that the temperature of the slurry also continues 
to rise through the condensation of the steam. 

25 

As explained above, as the steam is injected into the slurry through nozzle 
38 a pressure reduction may occur in the upstream section of the mixing 
chamber 25. This reduction in pressure forms an at least partial vacuum 
in this upstream section of the chamber 25 adjacent the nozzle outlet 39. 
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Tests have revealed that an approximately 90% vacuum can be achieved 
in the chamber 25 as the steam is injected and subsequently condenses. 

As previously stated, the shear force applied to the slurry and the 
5 subsequent turbulent flow created by the injected steam disrupts the 

cellular structure of the feedstock suspended in the slurry, releasing the 
starch granules from the feedstock. As the slurry passes through the 
partial vacuum and condensation shock wave formed in the chamber 25, it 
is further disrupted by the changes in pressure occurring, as illustrated by 
10 the pressure profile in sections B and C of Figure 3. 

As the starch granules are separated from the feedstock in the reactor 18, 
the granules are almost instantaneously further hydrated, heated and 
activated due to the introduction of the steam. The device(s) 100 making 

15 up the reactor 18 simultaneously pump and heat the slurry and complete 
the hydration and activate or gelatinise the starch content as the slurry 
passes through. In addition, the reactor 18 mixes the enzymes with the 
slurry, providing a homogenous distribution and high level of contact with 
the starch which is now in a liquid phase. The temperature of the slurry as 

20 it leaves the reactor 18 is preferably between 74-76°C. Where the reactor 
18 comprises a number of starch activation devices in series, the pressure 
of the steam supplied to each fluid mover can be individually controlled by 
a transport fluid conditioning means (not shown) so that the optimum 
temperature of the slurry is only reached as it exits the last fluid mover in 

25 the series. The transport fluid conditioning means may be attached 
directly to the transport fluid supply 50, or else may be located in the 
transport fluid supply lines 48. 

The temperature at which the slurry leaves the reactor 18 is selected to 
30 avoid any heat damage to the slurry contents during the activation stage. 
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However, this temperature may be below the temperature for optimal 
performance of the liquefaction enzyme, and so the temperature of the 
slurry may need to be raised without subjecting the slurry to excessively 
high temperatures or additional shear forces. This gentle heating is 
5 achieved using the optional TCU 52 downstream of the reactor 18. 

As described above, the TCU 52 comprises one or more fluid movers of 
the type illustrated in Figure 2. Where there is more than one fluid mover 
in the TCU 52, they are preferably arranged in series. The pressure of the 

10 steam supplied to the fluid mover(s) of the TCU 52 is controlled so that it is 
comparatively low when compared to that of the steam supplied to the 
device(s) 100 of the reactor 18. A preferred steam input pressure for the 
fluid mover(s) of the TCU is between 0.5-2.0 Bar. Consequently, the 
transport fluid velocity is much lower so no shear force or condensation 

15 shock is applied to the slurry by the injected steam as the slurry passes 
through the TCU 52. Instead, the TCU 52 merely uses the low pressure 
steam to gently raise the temperature of the slurry. 

Once it has passed through the TCU 52, the slurry is preferably at a 
20 temperature of between 83-85°C. The slurry then flows downstream 

through the second supply line 54 into the second vessel 56. The water 
jacket 58 of the second vessel receives heated water which maintains the 
slurry at the aforementioned temperature. The slurry is held in the second 
vessel 56 for a sufficient residence time to allow the enzyme to convert or 
25 hydrolyse the starch content into shorter dextrins. During that residence 
time, the motor 62 drives the agitator 60 to gently agitate the slurry. It has 
been found that approximately 30 minutes is a sufficient residence time in 
the present process, compared with a typical residence time of 120 
minutes in existing liquefaction processes. The progress of the conversion 
30 is monitored during the residence time by measuring the dextrose 
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equivalent (DE) of the slurry. At the end of the residence time, the slurry 
can be transferred to a fermentation tank (not shown) via the outlet 64 and 
control valve 66 of the second vessel 56. 

5 Using a starch activation device of the type described allows the present 
invention to heat and activate the starch content of the slurry while 
avoiding the creation of regions of extreme heat, which can damage the 
starch content. Prevention of these regions also reduces or eliminates 
Maillard effects caused by the reaction of proteins with the extracted 

10 starch. These reactions can prevent conversion of the starch to sugar and 
therefore reduce yields. Furthermore, the gentle agitation mixing and low 
shear pumping at a lower temperature also ensures that there are no high 
shear forces which may damage the starch content of the slurry whilst 
held in a vessel or being transported between vessels. Such damage 

15 limits the ultimate glucose yield available from the feedstock. 

The starch activation device(s) of the reactor also ensure that the slurry 
components are more thoroughly mixed than is possible using simple 
agitator paddles and/or recirculation loops alone. The atomisation of the 
20 liquid component of the slurry further ensures a more homogenous mixing 
of the slurry than previously possible. This improved mixing increases the 
efficiency of the enzyme in converting starch to shorter dextrins, reducing 
the time to achieve the desired DE values in the slurry when compared 
with existing processes. 

25 

Alternatively, if desired, this process will achieve higher DE values than 
possible with existing processes. 

The shear action and condensation/pressure shock applied to the 
30 feedstock component of the slurry when in the reactor further improves the 
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performance of the present invention as this exposes more of the cellular 
structure of the feedstock. This allows virtually all the starch granules in 
the feedstock to be separated, thereby providing improved starch 
activation rates compared to conventional processes as the enzymatic 
5 activation is supplemented by the mechanical activation in the reactor. 

This also allows the process to provide a starch to sugar conversion ratio 
of substantially 100%. The process of the present invention therefore may 
only require the slurry to pass once through the reactor before it is ready 
to pass to the second vessel for the conversion stage. Hence, yields are 
10 much improved as there is no time for loss build up during the process. 

Exposing more starch also means that less of the enzyme is needed to 
achieve the desired DE value of 12-18 before the slurry is transferred to 
the saccharification and fermentation processes. In addition, the 
15 condensation/pressure shock kills bacteria at a relatively low temperature, 
thereby reducing losses in any subsequent fermentation process. 

It has also been discovered that the process and apparatus of the present 
invention may also improve fermentation rates in the subsequent 
20 fermentation process. The improved hydration of the present invention 

also hydrates some proteins in the feedstock. These hydrated proteins act 
as additional feedstock to the fermenting yeast, thereby improving the 
fermenting performance of the yeast. 

25 In summary, the process and apparatus of the present invention have 
been found to provide a number of advantages over existing 
arrangements. These advantages include an increase of up to 14% in 
starch to sugar yields, a reduction of up to 50% of the amount of 
liquefaction enzyme required, a reduction of up to 75% in the residence 

30 time for the conversion to take place, and a reduction of up to 30% in the 
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time taken for the subsequent fermentation of the converted sugars into 
alcohol. 

As described above, the reactor may comprise a plurality of starch 
5 activation devices arranged in series and/or parallel. Where the reactor 
comprises groups of four or more devices in series, the slurry need not be 
maintained in the desired 30-60°C temperature range whilst being 
developed in the first vessel. Instead, as each of the devices in the 
reactor injects high pressure transport fluid into the slurry, the temperature 
10 of the slurry as it leaves the first vessel need only be 20-30°C in this 

instance. An antibiotic additive may be added at the same time as the first 
enzyme, if desired. Reducing the temperature of the slurry to 20-30°C 
reduces the requirement for antibiotic infection control. 

15 Whilst the present invention need only utilise one starch activation device 
in the reactor, if the required process flow rate demands it the reactor may 
comprise a combination of fluid movers in series and/or parallel. This may 
also be the case with the temperature conditioning unit made up of one or 
more of such fluid movers. 

20 

The apparatus may also include one or more recirculation pipes which can 
selectively recirculate slurry from downstream of the starch activation 
device to upstream of the device, so that the slurry can pass through the 
device more than once if necessary. Where included, the first vessel may 
25 also include such an arrangement so that slurry can pass through the first 
vessel more than once if necessary. 

Instead of having water jackets, the first and/or second vessel may 
alternatively comprise an insulation layer on the exterior surface thereof. 
30 The insulation layer keeps the temperature of the slurry inside the vessel 



BNSDOCID: <WO . 2008 13577 5A1 I > 



WO 2008/135775 



PCT/GB2008/050210 



17 



in the desired ranges stated above. The working fluid may be pre-heated 
by an externa! heating means (not shown) prior to being mixed with the 
feedstock. The temperature of the slurry is maintained at the desired 
temperature in vessel 2 by either using the heated water jacket 4 or the 
5 insulation layer. 

The low shear centrifugal pump which moves the slurry from the first 
vessel into the reactor may be replaced with any other suitable low shear 
pump, such as either a membrane pump or a peristaltic pump, for 
10 example. 

Whilst the temperature conditioning unit (TCU) described above comprises 
one or more fluid movers of the type shown in Figure 2, they may be 
replaced by a heat exchanger. The heat exchanger may be a shell and 
15 tube heat exchanger with the slurry passing through a tube and heated 
water passing through the shell surrounding the tube. 

The preferred concentration of the liquefaction enzyme in the slurry during 
development in the first vessel assumes an average of 15% feedstock 
20 moisture content and an average starch content of 75% dry weight. 

Whilst the enzyme is preferably introduced to the slurry upstream of the 
starch activation device, the enzyme may also be introduced in the device 
or else downstream of the device following activation of the starch content. 

25 

Whilst the illustrated embodiment of the invention includes both first and 
second vessels for handling the slurry, it should be appreciated that the 
invention need not include the vessels to provide the advantages 
highlighted above. Instead of a first vessel, the first hydrating means may 
30 be a pipe or an in-line mixing device into which the feedstock, working fluid 
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and enzyme are introduced upstream of the starch activation device. 
Similarly, the second vessel could be replaced by pipework in which the 
conversion of the activated starch to sugar takes place. 

5 Further improvements and modifications may be incorporated without 
departing from the scope of the present invention. 
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CLAIMS: 



1 . A process for the treatment of a starch-based feedstock, 
comprising: 

5 mixing together starch-based feedstock and working fluid to form a 

slurry; 

hydrating the starch-based feedstock with the working fluid; 
adding a liquefaction enzyme to the slurry; 

pumping the slurry into a passage of a starch activation device; and 
10 injecting a high velocity transport fluid into the slurry through a 

nozzle communicating with the passage, thereby further hydrating the 
starch-based feedstock and activating the starch content of the slurry. 

2. The process of Claim 1, wherein the step of injecting the transport 
15 fluid into the slurry comprises: 

applying a shear force to the slurry; 

atomising the liquid phase within the slurry to create a dispersed 
droplet flow regime; 

forming a low pressure region downstream of the nozzle; and 
20 generating a condensation shock wave within the passage 

downstream of the nozzle by condensation of the transport fluid. 

3. The process of either preceding claim, wherein the hydrating step 
includes heating the slurry and/or maintaining it at a first predetermined 

25 temperature within a first vessel for a first predetermined period of time. 

4. The process of Claim 3 further comprising the step of transferring 
the slurry to a second vessel from the starch activation device, and 
maintaining the temperature of the slurry in the second vessel for a 

30 second predetermined period of time. 
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5. The process of Claim 4, wherein the step of transferring the slurry 
to the second vessel includes passing the slurry through a temperature 
conditioning unit to raise the temperature of the slurry. 

5 

6. The process of Claim 4 or Claim 5 further comprising the step of 
agitating the slurry in the first and second vessels for the respective first 
and second periods of time. 

10 7. The process of any preceding claim, wherein the transport fluid is 
steam. 



8. The process of any preceding claim, wherein the transport fluid is 
injected at a supersonic velocity. 

15 

9. The process of any preceding claim, wherein the working fluid is 
water. 



10. The process of any preceding claim, wherein the step of injecting 
20 the transport fluid comprises injecting the high velocity transport fluid into 
the slurry through a plurality of nozzles communicating with the passage. 



1 1 . The process of any preceding claim, wherein the step of injecting 
the transport fluid into the slurry occurs on a single pass of the slurry 

25 through the starch activation device. 

12. The process of any of Claims 1 to 10, wherein the step of injecting 
the transport fluid includes recirculating the slurry through the starch 
activation device. 
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13. The process of any preceding claim, wherein the pumping of the 
slurry is carried out using a low shear pump. 

14. An apparatus for treating a starch-based feedstock, the apparatus 
5 comprising: 

hydrating means for mixing and hydrating the feedstock with a 
working fluid to form a slurry; and 

a starch activation device in fluid communication with the hydrating 
means; 

10 wherein the starch activation device comprises: 

a passage having an inlet in fluid communication with the hydrating 
means and an outlet; and 

a transport fluid nozzle communicating with the passage and 
adapted to inject high velocity transport fluid into the passage. 

15 

15. The apparatus of Claim 14, wherein the hydrating means comprises 
a heating means for heating the working fluid and/or the slurry. 

16. The apparatus of Claim 15, wherein the hydrating means comprises 
20 a first vessel having an outlet in fluid communication with the inlet of the 

passage. 

17. The apparatus of Claim 16, wherein the heating means comprises a 
heated water jacket surrounding the first vessel. 

25 

18. The apparatus of either Claim 15 or Claim 16, wherein the heating 
means is remote from the hydrating means. 

19. The apparatus of Claim 16 further comprising a second vessel 
30 having an inlet in fluid communication with the outlet of the passage. 
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20. The apparatus of Claim 19, wherein the second vessel includes 
insulating means for insulating the contents of the second vessel. 

5 21 . The apparatus of any of Claims 14 to 18 further comprising a 
residence tube section having an inlet in fluid communication with the 
outlet of the passage. 

22. The apparatus of Claim 21 , wherein the residence tube includes 
10 insulating means for insulating the contents of the residence tube as it 

passes through. 

23. The apparatus of any of Claims 14 to 22, wherein the transport fluid 
nozzle is annular and circumscribes the passage. 

15 

24. The apparatus of any of Claims 14 to 23, wherein the transport fluid 
nozzle has an inlet, an outlet and a throat portion intermediate the inlet 
and the outlet, wherein the throat portion has a cross sectional area which 
is less than that of the inlet and the outlet. 

20 

25. The apparatus of any of Claims 14 to 24, wherein the passage is of 
substantially constant diameter. 

26. The apparatus of any of Claims 14 to 25 further comprising a 

25 transport fluid supply adapted to supply transport fluid to the transport fluid 
nozzle. 

27. The apparatus of Claim 26 comprising a plurality of starch activation 
devices in series and/or parallel with one another, wherein the transport 
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fluid supply is adapted to supply transport fluid to the transport fluid nozzle 
of each device. 



28. The apparatus of Claim 27 comprising a plurality of transport fluid 
supply lines connecting the transport fluid supply with each nozzle, 
wherein each transport fluid supply line includes a transport fluid 
conditioning means. 



29. The apparatus of Claim 28, wherein the transport fluid conditioning 
means is adapted to vary the supply pressure of the transport fluid to its 
respective nozzle. 



30. The apparatus of Claim 26 comprising a dedicated transport fluid 
supply for each transport fluid nozzle. 

31 . The apparatus of Claim 30, wherein each transport fluid supply 
includes a transport fluid conditioning means. 

32. The apparatus of Claim 31 , wherein each conditioning means is 
adapted to vary the supply pressure of the transport fluid to each 
respective nozzle. 



33. The apparatus of any of Claims 14 to 32 further comprising a 
temperature conditioning unit located downstream of the starch activation 
device, the temperature conditioning unit adapted to increase the 
temperature of fluid leaving the passage of the device. 

34. The apparatus of any of Claims 14 to 33 further comprising a 
recirculation pipe adapted to allow fluid recirculation from downstream of 
the starch activation device to upstream of the starch activation device. 
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35. The apparatus of any of Claims 14 to 34 further comprising a low 
shear pump adapted to pump fluid from the hydrating means to the starch 
activation device. 
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